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LRB STUDY ORGANIZATION 
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B LAUNCH VEHICLE CONCEPTS 
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4 STE 11 4 & 2 STE 4 STE 4 STE 4 STE 




CONCEPT SUMMARY Space Systems Di 

LO 2 /LH 2 PUMP-FED WITH STE (JAN ’90 DESIGN) 
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* EXCLUDES CONTRACTOR FEE, GOVERNMENT SUPPORT AND CONTINGENCY 



LRB DESIGN IMPROVEMENTS 




BASELINE LRB (APRIL ’90 DESIGN) 
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Vacuum Thrust (lbs) 558,542 

Sea Level Thrust (lbs) 514,232 

Vacuum Isp (sec) 413 

Sea Level Isp (sec) 380 






ATTACH POINT SOLUTIONS 



materials, 
updated systems, 
additional systems 






gHNBRAL DYNAMIC 

Spae* Systems Division 



11 


Engine: Requires STE to have two Single STE design 

nozzle designs but can use 
common combustion 
chamber and turbo pumps 




ABORT CAPABILITY 


3 

O 

LLi 


Erp|o 

o to I— ® t— 

Z UJ < S < 

oo « oq cj o 

O in N ® ^ 

n oi oi n 'f s 

ft rr -r -t in in 

W ii ii II II ,ii 

2 I- H H H H 


*- 3 

3 ° 
o LLI 

uj 2 

2 

« .c 

a '5 

£ § 

<0 775 


CD 

1” 


CO ' 
CO £ 

© 5 
O>0 

.£ i- 


< 

c 

CO 

c 

CO 


w 

CD 


C 

do 

o 

'E 

o> 

o 

cc 


? 

o 

T- 

CO 

o 

CO 

H 

0) 


“D 

o 



LLI 

< 


■ 4 — 

CO 

II 

H 

CO 
CL 
0) 
< / ) 

9 9 

T“ 

« • 
CO 

9 9 

CO 

CO 

D> 

C 

(0 


-C 

cn 

LU 


ffi 

in 

in 

CO 

T" 

£ 


CO 


DC 

•J 

T\ 

H 

T\ 

H 

II 

I- 

5 

c0 

c 

"55 




V 


c 

o 

E 

a) 

” 



& 




o 

co 

it 1 


■* CO CM 
® II II 
2 I- H 




( IP vL T=3.9: SSMEs to 104% <S> 60 ft/sec (not performed If engine out at T=0) 

_ || T=0: ATO capability with single LRB engine out & 70,500 lbs payload 

Lift-off: SSMEs at 100%, LRB STEs at 100% 



LRB DERIVED PLS LAUNCH VEHICLE 
STUDY ACTIVITIES 




LRB LAUNCH VEHICLE CONCEPTS 



4 / 26/90 




CBNBWAL DYNAMICS 

Space Systems Division 



C) 220 X 220 (2 Stage only) 





PLS LV 

GROUND RULES AND CONSTRAINTS 



• Trajectory Constraints: Max q = 850 psf; Max g = 



Space Systems Division 



Main landing gear 







BASELINE PROPELLANT FEED 

SYSTEM 





SYSTEM TOTAL WEIGHT 



BASELINE PROPULSION 
SUPPORT SYSTEMS 




(3HNHWAL DYNA't.iiCS 
Space Systems Division 






1.5 STAGE LRB IS INCAPABLE OF DELIVERING PLS 
TO LEO DUE TO LRB/STS WEIGHT REQUIREMENTS 




PARALLEL PLS LAUNCH VEHICLE 



Upper stage inert weight includes: dry weight + residuals + FPR 



LRB SQUARE SKIRT 
4 - STE ENGINE CONFIGURATION 



/ IOO- — . -I A LOCATION 

CONTOUR AT TOP OF SKIRT \ ENGINE THRUST STRUCTURE 

CONTOUR AT BOTTOM OF SKIRT—* F0UR engine CONFIGURATION 

VIEW LOOKING DOWN (AFT) AT ENGINES 



RB SQUARE SKIRT 
ENGINE CONFIGURATION 







2 STAGE PLS LAUNCH VEHICLE 
2-STE "LRB" UPPER STAGE 
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2 STAGE PLS LAUNCH VEHICLE 
1-STE "LRB" UPPER STAGE 
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2 DROP TANK LRB PIPING SKETCH 



PROPELLANT SHUTOFF VALVES (5) 
LH2 MANIFOLD 





Drop Tanks 1 Plumbing too complex, no advantages over Parallel 




FINDINGS AND RECOMMENDATIONS 
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• Cease further work on Concepts in Item E. 

• Continue further design studies on Concepts in Items A, B , C & D 

- Refine concepts with size and structures unconstrained by STS, as required 

- Provide cost analyses 



LRB BOATTAIL FOR SHUTTLE-C APPLICATION 














BOATTAIL ON SHUTTLE-C CARGO ELEMENT 



ATTACH 





THRUST STRUCTURE FOR 2-STE LRB BOATTAIL 



THE PLS/LRB 2-STE OPTIMIZED THRUST STRUCTURE IS COMMON TO LRB BOATTAIL FOR STS-C 









LRB BO ATT AIL WITH SHUTTLE-C QMS PODS 



Interface Of Existing Flat Bottom STS Pod With Curved LRB Boattail Requires An Adapter 



FEED LINES OF STS-C LRB BOATTAIL 



PROPELLANT LINES INTERFACE OF ET AND LRB BOATTAIL IDENTICAL TO STS 





ATTACH l/F WITH LRB BOATTAIL 



NO CHANGES REQUIRED TO STS ET AFT ATTACH SYSTEM FOR LRB BOATTAIL APPLICATION 






SHUTTLE-C BOATTAIL WEIGHTS COMPARISON 
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SHUTTLE-C PERFORMANCE WITH LRB vs SRB 
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The many advantages of LRB/LRB boattail make it a viable candidate for Shuttle-C 




0 


0 ).N 

.£ > 
- 

CO Q) 


O) 

0 


CO 

CO 


C Q- 
CO 

0 2 

I.C 

rQ "O 

■S ® 

5 w 

Q- CO 

1 2 

O "o 

o-u 
== o 

£ C 
© 


to 

CO 

CD 


CD 

£ 


© 

£ ® 

© £ 

fi 

E ** 

® g 

© CQ 

■o ZZ 

ofr 

ra - * *3 

to x: ® 

© ■*-' v 

2 -sg 

® gill 

Q_ © 

© % 

® 

5 w ti 

O o CJ 

0 3® 

a> co lli 

9 CO 


3 


"a 0 
c — 


o 

c 


& 1.0 
UJ (O < 


c 

0 

1 

3 

O) 


C 

o 

o 

0 

t* 

0 

O 

CD 

CD 

CC 

_l 

Lli 

0) 

t 

CQ 

0 


O 

C 

g> 

'0 

0 

T 3 

0 

3 

Q. 

0 

O 

C 

o 

o 

0 

CL 

o 

0 

> 

0 

Q 


0 

C 

o 


0 


3 

D) 

C 

o 

o 

O 

CD 


cd B £ 


o 

c 

5 

o 


o 

0 

0 

0 

0 

c 

0 

0 

O 

c 

0 


O 
t 
0 
OL 
«*— » 
o 

=3 

■D 

C 

o 

a 


© © 

o o 

CQ CQ 

CQ CQ 

CC DC 

_J _l 

O h- 
Tf 1 ^ 

LLI LU 
I — h - 
CO CO CO 

00 CO LLI 


© 5 I 

© 5 © 
o ® o 
CQ 03 CQ 

CO £ CO 
I — CC | — 
— 1 CO 
h- 

■> '5 CO \— CO 
>> CO CO CO 


LU 


00 00 CM 


CO (0 

CQ CQ 

CC DC 

—* —* *$ 

® c w 4/5 w 

£ = 552 

8 giicc 

© ©CO CO CO 
CQ CQ < < < 


C 

o 


CL 

CL 

© 

O 

JD 

*s 

Z3 

x: 

CO 


<J ) 

'© 

S3 

© 

O 

CQ 

CD 

CC 


© 
> 

CO 
H* 
CO 

-c x: -C. -5 

0 
*0 

0 
C 
0 


0 

O 

o 





GENERAL DYNAMICS EXPERIENCE 



GD EXPERENCE1 




BASIC PRINCIPLES 



HANGE IN PROGRAM MANAGEMENT^'EffiiPHK'Sl 
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PILOT SAFETY PROGRAM 



ORIGINAL PAGE IS 
Of POOH QUALITY 


PILOT SAFETY PROGRAM 



MISSILE TO MAN-SAFE SYSTEM 


PRECEDING PAGE BLANK NOT FILMED 
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ORIGINAL PAGE IS 
OF POOR QUALITY 
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SHUTTLE-CENTAUR FLUIDS SCHEMATIC 





Jill 
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TITAN-CENTAUR FLUIDS SCHEMATIC 






DESIGN GUIDELINE DOCUMENT 



REFERENCES 11 



CLASSIFICATION OF SPACE 
SYSTEMS (JSC-23211) 



NOT VERY HIGH EMPHASIS . EMPHASIS ON • LOW VALUE CARGO 

ON MISSION SAFETY OR COST. SCHEDULE. ETC. (PROPELLANTS. RE-SUPPLY 

MISSION SUCCESS AND EXPENDABLES) 




















STRUCTURAL FACTORS OF SAFETY 



FOR WELL DEFINED LOADS, F.S. = 1.25 (MMC-ET-SE25-0, NAS8-303000) 




(ATLAS GOAL > .95; ALS GOAL > .985) ET H2 VENT DURING ASCENT) 

• CREW SAFETY GOAL (APOLLO) > .999 
NASA-TM-89226 




ATTRIBUTES OF MANNED AND 
UNMANNED SPACE SYSTEMS 
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• CREW DISPLAY AND POSSIBLE PROVISION FOR INTERVENTION (EXTRA REDUNDANCY 
BY CREW) 

• EXTRA REDUNDANCY, DETECTION AND CONTROL WHICH ENHANCES CREW SAFETY 
AND SAFE ABORT CHANCES 



CD 



• GENERAL GUIDELINES AVAILABLE. PARTICULAR REQUIREMENTS ARE HIGHLY 
MISSION SENSITIVE 




CONTINUING ACTIVITIES 



FINAL REPORT & DOCUMENTATION OF CONCEPTS 



